Loss of Control Eating Disorder (LOC-ED) has been proposed as a diagnostic category for children 6-12y with binge-type eating. However, characteristics of youth with LOC-ED have not been examined. We tested the hypothesis that the proposed criteria for LOC-ED would identify children with greater adiposity, more disordered eating attitudes, and greater mood disturbance than those without LOC-ED. Participants were 251 youth (10.29y ± 1.54, 53.8% female, 57.8 % White, 35.5% Black, 2.0% Asian, 4.8% Hispanic, 53.0% overweight). Youth were interviewed regarding eating attitudes and behaviors, completed questionnaires to assess general psychopathology, and underwent measurements of body fat mass. Using previously proposed criteria for LOC-ED, children were classified as LOC-ED (n = 19), LOC in the absence of the full disorder (subLOC, n = 33), and youth not reporting LOC (noLOC, n = 199). LOC-ED youth had higher BMIz (p = 0.001) and adiposity (p = 0.003) and reported greater disordered eating concerns (p < 0.001) compared to noLOC youth. Compared to subLOC youth, LOC-ED youth had nonsignificantly higher BMIz (p = 0.11), and significantly higher adiposity (p = 0.04) and disordered eating attitudes (p = 0.02). SubLOC youth had greater disordered eating concerns (p < 0.001) and BMIz (p = 0.03) but did not differ in adiposity (p = 0.33) compared to noLOC youth. These preliminary data suggest that LOC-ED youth are elevated on disordered eating cognitions and anthropometric measures compared to youth without LOC-ED. Longitudinal studies are needed to determine if those with LOC-ED are at particularly increased risk for progression of disordered eating and excess weight gain.
Introduction
Binge eating disorder (BED) in adulthood is associated with psychological distress, social problems, obesity, and negative metabolic outcomes. 1 Although full-syndrome BED is rare during childhood, with prevalence estimates at 0-1%, 2 loss of control (LOC) eating, the hallmark feature of a binge episode, is prevalent. Some 9 to 30% of non-treatment-seeking middle childhood (6-13y) youth report the experience of LOC eating, 3 defined in childhood as the experience of LOC while eating irrespective of the amount of food consumed. During childhood, LOC eating is associated with symptoms of anxiety and depression, 3 social problems, 4 and overweight status. 5 Studies suggest that the prevalence of LOC eating in childhood does not differ based on sex, and that among boys and girls with reported LOC, there are few sex differences with regard to adiposity, disordered eating attitudes, or psychological symptoms. [6] [7] [8] Notably, prospective data suggest that pediatric LOC eating predicts excess weight gain, 9,10 exacerbated eating-related and general psychopathology, and the emergence of partial or full-syndrome BED. [11] [12] [13] These data suggest that LOC is a salient marker of disordered eating and obesity in children that may be an important target in obesity and disordered eating prevention efforts. 14 Approximately one-third to half of middle childhood youth reporting LOC at baseline continue to report LOC episodes approximately five years later. 11, 13 However, it remains unclear which youth are at greatest risk for worsened disordered eating behaviors and excessive weight gain. Given the challenges of assessing and diagnosing eating pathology in children, revision of the criteria for anorexia and bulimia nervosa focusing on developmentally-appropriate illness markers has been a long-standing area of discussion. 15, 16 In line with this work, provisional research criteria for BED adapted for children were proposed as a means of identifying a cluster of potentially high-risk youth presenting with BED-like symptoms, but not meeting full diagnostic criteria. 17 Based on data from a multi-site investigation of pediatric LOC eating episodes, 7 the BED criteria adapted for children were revised and termed "Loss of Control Eating Disorder" (LOC-ED) in children aged 6-12 years (Table 1) . 18 We therefore investigated the phenotype of children who meet the proposed LOC-ED criteria. We hypothesized that youth meeting LOC-ED criteria would have increased adiposity and exhibit greater disordered eating attitudes and more symptoms of anxiety and depression compared to youth with reported LOC who did not meet criteria for LOC-ED or to those with no reports of LOC. We further expected youth without LOC to be lower on these indices compared to youth with LOC who did not meet criteria for LOC-ED.
Materials and Methods

Participants and Procedure
Participants were a convenience sample of healthy youth participating in a non-intervention or a prevention of excess weight gain study in the Section on Growth and Obesity at the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD), National Institutes of Health (NIH). Recruitment efforts and exclusion criteria for the non-intervention studies have been described in detail elsewhere. 19 Prevention-seeking youth were overweight or obese youth ages 8-12y who endorsed ≥ 1 episode of LOC in the month prior to baseline assessment who were otherwise healthy. Children were excluded for current or past diagnosis of anorexia or bulimia nervosa. Children and parents provided written assent and consent, respectively. Studies were approved by the NICHD institutional review board.
Participants were seen at the NIH Hatfield Clinical Research Center. Fasting weight and height were measured, as previously described, 5 to determine body mass index (BMI, kg/m 2 ). Body fat mass was measured using either air displacement plethysmography or dualenergy x-ray absorptiometry (DXA), which have been successfully combined as described previously. 19 
Interview Assessment of LOC Eating and LOC-ED Criteria
The Eating Disorder Examination version 12OD/C.2 20 adapted for children 21 (ChEDE) was administered to each participant as described previously 5 to assess disordered eating cognitions and behaviors. The ChEDE has been validated for children ages 8-14y 22 and generates four scales: Restraint (cognitive and behavioral dietary restraint), Eating Concern (concern over one's eating behaviors), Shape Concern (concern over the shape of one's body), Weight Concern (concerns with one's body weight), and an average Global scale. All scale scores range from 0-6. 23 The ChEDE also includes assessment of objective and subjective binge episodes, which were combined to determine the total number of youth's LOC eating episodes in the month prior to assessment. ChEDE training, administration, and psychometrics are described elsewhere. 5 Following the overeating section of the ChEDE, the Standard Pediatric Eating Episode Interview (SPEEI) 7 was administered to all children regarding their self-described most pathological eating episode. The SPEEI, which has been implemented with youth ages 8-17y, 7 queries about the context (e.g., where, time of day) and behavioral (e.g., pace of eating, amount compared to others), physical (e.g., whether hungry before, whether full after), and emotional (e.g., emotion before and after eating) characteristics of children's eating episodes. The SPEEI was used to assess the LOC-ED criteria (Table 1) .
For this preliminary investigation, LOC-ED classification was based on the month prior to assessment, as data regarding the frequency of LOC episodes in the three months prior to assessment are not assessed by the ChEDE. In addition, in examining the originally proposed criteria for LOC-ED, 18 we observed a redundancy in Criterion A2 (Food seeking in the absence of hunger or after satiation) and Criterion B4 (Eating more, or the perception of eating more, than others). To eliminate this redundancy, we combined these characteristics under criterion B4. This alteration also has the benefit of more flexibly capturing pathological LOC eating in childhood, as youth may not consistently have access to large amounts of food. 3 Youth who reported at minimum two episodes of LOC in the month prior to assessment and met criteria for LOC-ED based on the SPEEI were classified as LOC-ED. Youth who endorsed LOC eating not characterized by the LOC-ED criterion were classified as subLOC. Youth denying any episodes of LOC were classified as noLOC.
General Psychopathology
Depressive symptoms were assessed using the Children's Depression Inventory, 24 a 27-item self-report questionnaire that assesses depressive symptoms in youth ages 7-17 years. This measure generates five subscales (negative mood, interpersonal problems, ineffectiveness, anhedonia, negative self-esteem) and a total average of these subscales. For the purposes of this study, only the total score (range 0-54) was examined. For youth ages 8-13y, normative values are M= 8.67, SD = 7.02. 25 Total scores of 19 or greater are considered clinically significant. 25 Symptoms of anxiety were assessed with the trait-scale of the State-Trait Anxiety Inventory for Children, 26 
Data Analysis
Analyses were performed with SPSS 22 (IBM, Armonk, NY). Data were examined to determine that all variables were normally distributed. 28 Outliers were adjusted to fall 1.5 times the interquartile range (IQR) above the 75 th percentile. a All scores had acceptable levels of skew and kurtosis except for the ChEDE Eating Concern subscale. Further, the value of the 75 th percentile was zero, which prevented adjustment of outliers based on the overall IQR. Therefore, outliers were identified as any value greater than 1.5 × the highest group IQR (subLOC group IQR = 1.0) such that any Eating Concern data point > 1.5 was recoded to 1.5 to adjust for the few extreme data points. Descriptive analyses were generated on all study variables. Dependent measures were examined with a univariate (ANCOVA) or multivariate (MANCOVA) analysis of covariance with contrast tests. To optimize statistical power, race and BMI z-score, which also accounts for age and sex, and intervention-seeking status were included as covariates for all analyses involving psychological dependent variables, as these factors have been associated with the dependent variables. 5, [29] [30] [31] [32] Age, sex, race, height, and intervention-seeking status were covariates for the analysis of body fat. Effects were considered significant when p ≤ 0.05, and all tests were two-tailed. a Levene's test for Equality of Variances was non-significant (p > .05) on all dependent variables with the exception of BMI z-score and the ChEDE Restraint, Eating Concern, Shape Concern, and Global subscales. As non-parametric tests on these variables mirrored the results of parametric tests, which adjust for relevant covariates, results from parametric tests are presented.
Results
Participants were 251 children (10.29y ± 1.54, 53.8% female, 57.8 % White, 35.5% Black, 2.0% Asian, 4.8% Hispanic). Approximately half of youth were overweight (53.0%, BMI ≥ 85 th percentile), and 6% of youth were intervention-seeking. Intervention-seeking youth were more likely to be overweight (p < .001) compared to non-intervention-seeking youth. Group means and standard deviations for the noLOC (n = 199), subLOC (n = 33), and LOC-ED (n = 19) groups are presented in Table 2 . Groups did not differ with regard to age, sex, or race (ps > .05).
Anthropometric Measures
A main effect for BMI z-score was observed (F (2,244) = 6.37, p = 0.002). Post-hoc analyses indicated that the noLOC group had a significantly lower mean BMI z-score compared to the subLOC group (p = 0.03) and the LOC-ED group (p = .001). LOC-ED youth had a nonsignificantly higher BMI z-score compared to the subLOC group (p = 0.11). There was also a main effect for body fat mass (F (2,243) = 4.42, p = 0.01). The LOC-ED group had more adiposity than the noLOC (p = 0.003) and subLOC (p = 0.04) groups. Adiposity for the subLOC and noLOC groups did not differ significantly (p = 0.33). There was no main effect for the Restraint subscale (F (2,245) = 2.90, p = 0.057). Post-hoc analyses revealed that LOC-ED youth had significantly higher Global scores compared to noLOC (p < 0.001) and subLOC youth (p = 0.02). SubLOC youth also reported higher Global scores compared to noLOC youth (p < 0.001). A similar pattern was observed on the Weight Concern and Shape Concern scales. On the Eating Concern scale, LOC-ED and subLOC youth reported significantly higher scores than noLOC youth (ps < .001). LOC-ED youth reported non-significantly higher scores compared to noLOC youth (p = 0.09).
Disordered Eating Attitudes and Behaviors
LOC-ED
Symptoms of General Psychopathology b
There were significant between-group differences with regard to depressive symptoms (F (2,244) = 3.66, p = 0.03). SubLOC youth reported more symptoms of depression compared to noLOC youth (p = 0.02) and LOC-ED youth (p = 0.03). LOC-ED youth did not differ significantly from noLOC youth (p = 0.48). There was no significant main effect for trait anxiety (F (2,244) = 3.01, p = 0.051).
b One child in the LOC-ED group did not complete the CDI, and one child in the subLOC group did not complete the STAI-C.
Discussion
This study provides a preliminary investigation of the characteristics of youth meeting proposed criteria for LOC-ED. LOC-ED youth were distinguished from noLOC and subLOC youth on anthropometric measures. Youth with LOC-ED also reported the greatest disordered eating pathology, followed by the subLOC then noLOC groups. However, LOC-ED youth were not distinguished from subLOC and noLOC youth on measures of general psychopathology.
In line with prior data indicating that LOC is associated with overweight and elevated adiposity, 5 subLOC and LOC-ED youth had elevated BMI z-scores relative to noLOC youth. Importantly, LOC-ED youth had significantly greater body adiposity compared to both subLOC and noLOC youth, who did not differ from each other on this measure. As body adiposity is considered a more precise measure of overweight and obesity, 33 these data suggest that the criteria for LOC-ED may have effectively distinguished the youth at greatest risk for excessive weight gain and associated health problems. These findings are consistent with a role for LOC eating as a factor contributing to the development of pediatric obesity, and highlight the importance of early identification of youth with pathological LOC eating for prevention efforts.
Results from the present study are also consistent with prior research evidencing that youth experiencing LOC report elevated disordered eating cognitions compared to youth without LOC. 3 LOC-ED youth were significantly differentiated from subLOC and noLOC youth on the ChEDE Global, Weight Concern, and Shape Concern scales. As data suggest that these types of concerns hold particular significance in predicting future onset of partial-and fullsyndrome eating disorders, 34, 35 results from the present study indicate that the proposed criteria for LOC-ED identified youth who may be at increased risk for disordered eating progression. Given shared risk factors 36 and the high level of diagnostic crossover 37, 38 among the classes of eating disorders, prospective studies will be important in typifying disordered eating outcomes among youth meeting criteria for LOC-ED.
Although negative affect is associated with pediatric LOC eating 3 and an identified risk factor for eating disorders, 36 the criteria for LOC-ED did not identify youth who had elevated symptoms of general psychopathology. However, our sample was derived from non-treatment seeking or prevention-seeking youth, and although group means on measures of general psychopathology were statistically significant, values did not approach clinical significance. Since clinically significant depression commonly manifests in adolescence, 29 when neurological changes support higher-level cognitive processes, 39 symptoms of general psychopathology and their relation to disordered eating patterns may be emergent in middle childhood, especially among non-treatment seeking samples. Longitudinal research among youth reporting recurrent LOC episodes may further elucidate how emotion awareness and regulation contribute to the emergence of sub-or full-threshold symptoms of eating-related and general psychopathology.
Results from the present study did not reveal any significant sex differences among groups. These findings are consistent with emergent data suggesting that equal numbers of boys and girls persist in LOC eating and progress to full-or sub-threshold BED. 11 Similarly, among adult samples, unlike anorexia and bulimia nervosa, BED prevalence more closely approaches equal representation between the sexes, 40 although our understanding of sex differences regarding associated eating-related and general psychological distress is limited. These findings underscore the importance of further research specifically examining any potential sex differences related to disordered overeating etiology and maintenance.
Strengths of this study include the use of interview methodology to assess for LOC eating, and actual, versus self-reported, anthropometric measurements. Further, the sample was racially diverse and equally represented both sexes. This study was limited by the small size of the LOC-ED and subLOC groups. Another limitation is that we were unable to fully examine the proposed frequency criterion for LOC-ED (≥ 2 LOC episodes per month for three months) as the ChEDE does not assess the frequency of LOC episodes in the three months prior to assessment. This study is further limited by its cross-sectional design, as results are correlational and have no predictive value.
In summary, the proposed criteria for LOC-ED may identify youth who have greater body adiposity and disordered eating attitudes, but not greater symptoms of general psychopathology. Future research is required to determine whether LOC-ED prospectively predicts exacerbated disordered eating symptoms and excessive weight gain.
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Page 10 Table 1 Adjusted Proposed Research Criteria for LOC-ED A. Recurrent episodes of LOC eating. An episode of LOC eating is characterized by both of the following:
1
A sense of lack of control over eating.
B. The LOC eating episodes are associated with three or more of the following:
1 Eating in response to negative affect.
2
Secrecy regarding the episode.
3
Feelings of numbness (lack of awareness) while eating.
4
Eating more, or the perception of eating more, than others or food seeking in the absence of hunger or past satiation.
5
Negative affect following eating (e.g., shame/guilt).
C. The LOC eating episodes occur, on average, at least twice a month for three months. Demographic, anthropometric, and psychosocial characteristics by LOC status Note: ChEDE scores range 0-6; CDI scores range 0-54, STAI-C scores range 20-80 Significant between-group differences (p ≤ .05) in pairwise comparisons are denoted by different superscripts.
